On this study, physicochemical, microbiological and sensory properties of probiotic yoghurt samples added different rates (2%, 4% and 6%) of pine honey on days 1, 7, 14, 21 of refrigerated storage were investigated. pH, serum separation values, water holding capacity decreased and titratable acidity increased with increasing the ratio of the added honey during the storage. Lactobacillus. delbrueckii ssp. bulgaricus and Lactobacillus acidophilus counts were statistically significantly (P<0.01) lower than control samples in honey added yoghurt samples from the beginning to the end of storage. Streptococcus thermophilus counts did not change much during storage and were higher than control samples in yoghurt samples with honey from the beginning. The brightness (L*) decreased with increasing honey ratio. The a * and b * values of all honey-added yoghurt samples were higher than those without honey. Although yoghurt with 2% pine honey had the same points as the yoghurt with 4% pine honey in terms of some sensory properties, it was the most liked yoghurt. For people who do not like to consume plain yoghurt, honey added yogurt can be a good alternative functional food. Producers should produce formulations for this type of yogurt and the consumption of yogurt should be increased.
Introduction
Yoghurt is one of the most popular fermented dairy products worldwide, which has great consumer acceptability due to its health benefits other than its basic nutrition (Weerathilake et al., 2014) . Ot is traditionally made from the spontaneous or induced lactic acid fermentation of milk (Widyastuti et al., 2014; Fazilah et al., 2018) . Basically, yogurt can be classified into two groups, which are standard culture yogurt and bioyogurt or probiotic yogurt (Pandey et al., 2017; Fazilah et al., 2018) . Standard yogurt is typically manufactured from the conventional starter culture strains, Lb. delbrueckii ssp. bulgaricus and S. thermophilus (Arena et al., 2015; Fazilah et al., 2018) . Meanwhile bio-yogurt or probiotic yogurt is supplemented with probiotic strains such as Bifidobacterium and Lb. acidophilus that are claimed to have numerous health benefits and should remain live at adequate numbers (Chen et al., 2017; Fazilah et al., 2018) . Yogurt is considered as the most popular vehicle for the delivery of probiotics for the consumers (Lourens-Hattingh & Viljoen, 2001 ). An increasing number of studies have indicated the health benefits related to their regular consumption (Akalın et al., 2012; Cruz et al., 2013) .
Benefits of probiotic products are: strengthening of the immune system; protection of normal intestinal microflora; reduction of lactose intolerance; exhibiting anticancerogenic effect; ensuring that serum cholesterol levels remain constant; prevention of osteoporosis, antibiotic-induced diarrhea and urogenital infections; improve the nutritional value of food, prevention of hypercholesterolemia and infantile diarrhea, relief of constipation, protection against colon / bladder cancer (Fuller, 1989) . The ability of probiotic bacteria to survive during food storage and to benefit consumers is a difficult process for the food industry. Acidity occurring in especially yogurt, exposure to oxygen and low temperatures during storage may cause adverse effects on the survival of such microorganisms. This may cause commercial products not to be useful (Granato et al., 2010; Batista et al., 2015) . Yoghurt must contain at least 10 6 to 10 8 cfu/g of live bacteria during consumption according to the food laws of many countries (Codex Alimentarius Hungaricus, 2004; Varga, 2006) .
Maintaining the viability of probiotics during the passage of intestines in production and storage is the primary reason for choosing the appropriate probiotic. Lactobacilli are generally more resistant than Bifidobacteria compared to their response to different factors (Akan & Kınık 2015) . Selection criteria of probiotic strains must also considered the possible interactions among strains and dairy products as well as starter culture bacteria to optimise their performance and survival during storage (Casarotti et al., 2014; Fazilah et al., 2018) .
Some probiotic bacteria grow slowly in milk due to lack of essential proteolytic activity and their acidifying characteristic may affect the product texture (Lucas et al., 2004) . On comparison to yogurt starter culture, probiotic bacteria are often having a poor acidification performance in milk (Almeida et al., 2008) . The addition of probiotic culture can reduce the acid accumulation
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Fatma CDSKUN 1 * , Leyla KARABULUT DOROCAN 1 a during storage period (Kailasapathy, 2006) . Furthermore, post exopolysaccharides have been observed in yogurts supplemented with probiotic cultures compared to yogurt without probiotics (Fazilah et al., 2018) Plain dairy products have a sour taste and are therefore not preferred by some consumers. Their flavors may need to be improved with sweeteners (Varga, 2006; Sert et al., 2011; Păucean et al., 2011) . Various sweeteners can be added yogurt. Today, most yogurts are sweetened using sugar (Aryana & Dlson, 2017) . There are also researchers who try to use different sweeteners. Popa & Ustunol (2011) sweetened yogurts by adding sucrose, high fructose corn syrup and different honeys. On terms of overall acceptance, the most popular yoghurts were yoghurts with sucrose, with high-fructose corn syrup and with sage honey, respectively. Yoghurt with sage honey was more popular than high-fructose corn syrup in terms of sweetness and flavour.
Honey may be a better option than artificial flavorings for use in the development of new dairy products (Machado et al., 2017) . Honey due to functional properties can be used as sweetener in yoghurt production (Roumyan et al., 1996; Chick et al., 2001) . Honey added yogurt is the perfect food especially for children (Păucean et al., 2011; Garanis-Papadatos & Katsas, 1999) . On this study, pine honey was used as honey. Pine honey is produced by processing of secretion of Marchalina hellenica by honey bees (Tananaki et al., 2007; Akbulut et al., 2009; Silici, 2011) . Marchal hellenica lives on Pinus brutia growed only in Turkey and Greece (Santas, 1979) (especially in Southern Marmara, the Aegean and Western Mediterranean region) (Özkök et al., 2010) . At a research, the main content of pine honey was determined as average water 16.51%, fructose 35.38%, glucose 27.97%, sucrose 2.91%, fructose/glucose ratio 1.21%, fructose+glucose 62.31%, saccarose 0.64%, maltose 1.32%, total ash 0.45% (Öğretmen & İnanan, 2014) . The average pH, protein values of pine honey samples were 4.53 and 3.57 mg/kg, respectively. The honey contains ascorbic acid, peptides, enzymes such as glucose oxidase and catalase (Gheldof et al., 2002; Nicholls & Miraglio, 2003) .
Honey has antimutagenic, antibacterial and antioxidant effects (Erejuwa et al., 2010) . Honey can act as a preservative and sweetener in dairy products (Varga, 2006; Chick et al., 2001) . Therefore, The honey used in the appropriate proportions does not affect the viability of bacteria such as Lb. acidophilus, S. thermophilus, B. bifidum and Lb. delbrueckii (Sanz et al., 2005; Ezz El-Arab et al., 2006; Sert et al., 2011) .
On this study, physicochemical, microbiological and sensory properties of pine honey added (2%, 4% and 6% w / v) probiotic yoghurt samples were investigated during refrigerated storage for 3 weeks.
Material and methods

Preparation of starter culture
Yoghurt starter culture (Bizim Probiotic Yoghurt Culture), a combination of Streptococcus thermophilus, Lactobacillus delbueckii ssp. bulgaricus, Lactobacillus rhamnosus, Lactobacillus acidophilus, Lactobacillus plantarum, Bifidobacterium animals ssp. lactis supplied by the Doğadan Bizim Gıda ve Süt Ürünleri San. ve Tic. Ltd. Şti. in Ostanbul, Turkey. According to the instructions of the firm to produce yoghurt, 2 gr of freeze dried culture should be inoculed into 5 kg yoghurt milk. Culture was activated by inoculation (2g freeze dried culture /100 mL milk) into pasteurised cow's milk (Ülker İçim fresh daily milk) (fat 3.1% and protein 2.8%) produced by Ak Gıda San. ve Tic. A.Ş. in Pamukova, Sakarya, Turkey. The milk was inoculated after heating at 43 °C and incubated at 43 °C until the pH reached 4.6, then were stored overnight at + 4 °C.
Production of yoghurt
Milk was heated to 43 °C for yoghurt production. Later, activated culture added into 4900 mL of milk. Milk without honey and milk with honey (2%, 4%, 6%) samples were prepared from this milk. 100 mL of milk with honey and without honey were distributed in 150 mL plastic containers. Fermentation took approximately 6 h at 43 °C. Yoghurt samples were cooled up to ambient temperature for 30 minutes and then stored at 4 °C for 12 hours. Analysis were performed at the end of these 12 hours, on days 7, 14 and 21. Experiments were applied out in triplicate. Pine honey (Saklı Cennet Drganic Pine Honey) was supplied by Temarı Gıda San. ve Tic. A. Ş. in Muğla, Turkey.
Physicochemical analysis
The pH value of milk was measured at room temperature by means of a pH meter (Hanna Onstruments P2960-pH211) (Akalın et al., 2012) . The nonfat dry matter of milk was determined by subtracting the fat value (%) from the dry matter value of milk (Turkish Standards Onstitution, 2006) . The density of milk was measured by means of a lactodisimeter at 15 °C (Demirci & Gündüz, 1994) .
The refractive indice of the honey sample was measured with a refractometer (Zeiss) (at 20 °C). The relationship between the refractive index and water content was used for calculating the moisture content (%). The saccharose and reducing sugar content of pine honey was determined by Lane-Eynon titrimetric method. The pH of the honey was determined by using the pH meter after adding 10 g of honey to 75 mL of distilled water (Association of Dfficial Analytical Chemists, 1990) . Total acidity and free lactone acid were determined using the titrimetric method; 0.05 N NaDH was added until the pH was 8.50 (free acidity). After the addition of 10 mL of 0.05 N NaDH, immediately titrated with 0.05 M HCl until pH 8.30 (lactonic acid). The sum of free acids and lactonic acids gave total acidity (Naman et al., 2005; Adenekan et al., 2010) . Results were stated as Milliequivalent of acid for each kilogram of honey. Color of pine honey was measured by spectrophotometer (Minolta CM-3610D) (Nyawali et al., 2015) .
The pH values of yoghurt samples were measured by means of a pH meter at room temperature (Hanna Onstruments P2960-pH211) (Akalın et al., 2012) . Yoghurt sample (10 g) was diluted with distilled water (10 mL). Then mix was titrated by adding 0.1N NaDH. Phenolphthalein was used as the indicator. Acidity was calculated as lactic acid in % by mass (Turkish Standards Onstitution, 2006) . The centrifugation method was used to measure the water holding capacity. The yoghurt sample (5 gram) was centrifuged by using a centrifuge (4500 rpm/min for 30 min at 10 °C) (115 V, 50/60 Hz and 1.2 Amp) (Damon/OEC Division, Needham Hts., Mass.). The pellet weight was recorded after the supernatant was removed. Water holding capacity was calculated as [1−(pellet weight/initial sample weight)] × 100 (Wu et al., 2001) . The serum separation (syneresis) of yoghurt samples was analyzed during storage (Atamer & Sezgin, 1986) . After twenty-five grams of yoghurt sample was filtered at 4 ± 1 °C for 120 minutes, the amount (mL) of the collected whey in a bottle was recorded and stated as a synergistic index. The L*, a* and b* colour values were measured by using a Hunter-Lab D 25 A Dptical Sensor on the 7th day of storage (Cueva & Aryana, 2008) .
Microbiological analysis
To prepare the first dilution, 10 mL of yoghurt samples was aseptically mixed with 90 mL of 0.1% peptone water. Dther dilutions were prepared as required. Spread plate method was used to determine the number of living cells. M17 agar (Merck, Germany) was used for the counting of S. thermophilus. Oncubation lasted 48 hours at 37 °C under aerobic conditions. Lenticular colonies of 1 to 2 mm in diameter were accepted as S. thermophilus (Onternational Diary Federation, 1997) . Acidified MRS agar (Dxoid CM 361) to pH 5.2 was used for counting Lb. delbrueckii ssp. bulgaricus and acidified MRS-Sorbitol Agar to pH 5.2 by using HCL was used for counting Lb. acidophilus. Oncubation of the plates lasted 72 hours at 37 °C under anerobic conditions. (Dave & Shah, 1996) . AnaeroGen AN 25 packages (Dxoid) were used to create anaerobic conditions in anaerobic culture jars with a volume of 2.5 L. Lenticular colonies, usually sharp-shaped and 1 to 3 mm in diameter, were accepted as Lb. bulgaricus (Onternational Diary Federation, 1997) . The counts were stated as log cfu/g.
Sensory analysis
Sensory properties were analysed by ten panelists on the 7th day of storage. Samples were presented to panelists in 150 mL plastic containers used in the production of yoghurt. The appearance (by looking to yoghurt sample in daylight directly), the consistency with the spoon, the consistency in the mouth, the odor and taste characteristics of yoghurt samples were taken into consideration during scoring. The hedonic scale proposed by Rasic & Kurmann (1978) was used to evaluate of sensory properties of yoghurt samples. Panelists were given scores from 0 to 5 for these features (Rasic & Kurmann, 1978; Demirkaya & Gökalp, 2009; Coşkun & Şenoğlu, 2011) .
Experimental design and statistical analysis
Differences between the samples were statistically tested due to the increase in storage days and the addition of honey at varying rates. During the evaluation of sensory and colour analysis results, the difference between the groups was determined using one-way anova analysis. During the evaluation of phsicochemical and microbiological analysis results, the difference between the groups was determined using the univeriate general linear model procedure of the SPSS statistical software programme (version 18; SPSS, Onc., Chicago, OL, USA). Duncan's multiple comparison test was used to determine significant differences among the means at P <0.01 (Düzgüneş et al., 1978) . All analyses and measurements were repeated in triplicates.
Results and discussion
Drganoleptic, rheological, texture, microstructure and nutritional composition properties of yogurt depend on several factors such as fermentation process, type of milk (whole, semi or skimmed milk), species of milk obtained (i.e., cow, goat, sheep, buffalo, ewe, camel, yak, non-dairy milk), types of milk solids, solid non-fat, starter cultures and probiotic strains, packaging and storage conditions, components added such as sweeteners and flavour (Fazilah et al., 2018; Weerathilake et al., 2014) .
Physicochemical properties of the milk used for yoghurt production in this research were as follows: pH, fat (%), non fat dry matter (%), density (g/mL), protein (%) were 6.98, 3.1, 10.83, 1.028 and 2.8, respectively. Physicochemical properties of the pine honey were as follows: pH, acidity (meq/kg), brix (%), invert sugar (g/kg), saccharose (g/kg), total sugar (g/kg) were 4. 81, 22, 26, 521.47, 121.28 and 642.95, respectively . Color values (L*, a*, b*) were 56.56, 27.12 and 88.40, respectively. The effect of honey adding on the pH of the yogurt milk was followed during the fermentation process (Table 1 ). The pH values of all yoghurt samples decreased to 4.65-4.58 after 6 hours of incubation. Fermentation of honey added yoghurt samples were completed earlier than control yoghurt. Since probiotic bacteria growth slowly in milk, it is necessary to add yogurt starter cultures to shorten the fermentation time (Shah & Lankaputhra, 1997) . Probiotic bacteria may adversely affect the development of other starter bacteria through the metabolites they produce during fermentation and extend the fermentation process. On particular, Acidophiline LA-1, a bacteriocin synthesized by Lb. acidophilus inhibits the growth of Lb. delbrueckii ssp. bulgaricus. On contrast, hydrogen peroxide produced by Lb. delbrueckii ssp. bulgaricus slows down the development of Lb. acidophilus (Özer, 2010) .
On the study which is conducted by Varga (2006) , the pH of milk with acacia honey (1%, 3% and 5% w⁄v) at different ratios dropped over the 6h of incubation. There was no significant difference between the pH values of yoghurt samples with honey at different ratios (P> 0.05). Glušac et al. (2015) determined that fermentation of honey (2% and 4%) and whey protein enriched yoghurt samples were completed earlier than the control sample. pH, acidity (%), water holding capacity (g/5g), serum seperation (%) values of yoghurt samples during storage were shown in Table 2 . The pH values decreased during storage (21 days) at 4 o C. The pH value of the control group decreased 0.25 units during the 21 day storage period. The pH values of honey added yoghurt samples (2%, 0.29 unit; 4%, 0.27 unit; except 6%, 0.23 unit) decreased higher than control group. On the analysis of variance performed, the differences among the yoghurt samples and storage days were found to be significant at the level of P<0.01. According to the Duncan test to determine the level of difference among the yoghurt samples, all honey added yoghurt samples were similar to each other and different from the control sample. According to the Duncan test to determine the level of the differences among the storage days, all the samples were found to be different from each other.
The pH of the honey added yogurt samples was lower than the honey free yogurt sample during storage. These changes in pH values observed in yogurt formulations containing pine honey could be related to the presence of extra fermentable compounds as glucose and fructose pine honey. However, the decrease in pH decreased with the increase in the rate of honey during storage. On addition, the increase in acidity decreased with the increase in the rate of honey. This may be due to the high rate of honey adversely affecting the microorganism activity. This situation can be related to the kind of honey and its contents. On the study of Machado et al. (2017) , the pH of the honey added samples was lower than the sample without honey and decreased during storage. Sert et al. (2011) determined the effect to yoghurt milk of sunflower honey addition (2%, 4% and 6% w⁄v). The pH values of all the samples decreased to 4.6-4.7 at the end of 3.5 hours of incubation. The pH values of yoghurt samples with honey at different ratios were higher than those without honey. The pH value increased as the honey ratio increased in yoghurt. Dn the contrary, in this study, the pH values of the honey added samples were found to be slightly lower than those of the honey free sample. On this study, pH values at the end of fermentation are similar to pH values in their work. On this study, fermentation lasted longer than their study. This may be due to the number or variety of microorganisms in the inoculated culture. Glušac et al. (2015) found that the pH values of yoghurt samples with acacia honey added at different ratios at beginning and end of storage (21 days) were lower according to the ones without honey. The results of this study are similar to those of Glusac et al. At a research conducted by Ammar El-Tahra et al. (2015) , the pH values of yoghurt samples containing honey and ABT culture (S. thermophilus, Lb. acidophilus, B. bifidum) were lower than the pH values of samples containing only ABT culture at the beginning and at the end of storage (15 day) as it is in this study. The reason for this may be a prebiotic effect of honey.
The lowest acidity level on the 1st day of storage was 0.630% in the control group while the highest acidity was determined as 0.787% in 6% honey added yoghurt sample. After 21 days, the acidity (0.882%) of the sample containing 2% honey is higher than the others. The maximum increase in acidity was observed in 2% honey added yoghurt sample during the storage period. On the analysis of variance performed, the differences among the yoghurt samples and storage days was found to be significant at the level of P<0.01. According to the Duncan test to determine the level of difference among the yoghurt samples, only 2% and 6% honey added yoghurt samples were similar to each other. According to the Duncan test to determine the level of the differences among the storage days, all the samples were found to be different from each other.
On Ammar's study (Ammar El-Tahra et al., 2015) the acidity of yoghurt samples with acacia honey at the start and end of storage (15 days) were higher according to the ones without honey. The results of this study are similar to those of Ammar El-Tahra et al. (2015) produced bio-yoghurt with honey (2%, 4% and 6% w⁄v) and at the end of the fermentation, the addition of honey did not have a significant effect on the acidity of the yoghurt samples.
The highest serum separation (syneresis) level on the 1st day of storage was 52.68% in the control group while the lowest serum seperation was determined as 48.60% in 6% honey added yoghurt sample. After 21 days, the highest serum seperation level was 40% in 6% honey added yoghurt sample while the lowest serum seperation was determined as 35.84% in 2% honey added yoghurt sample. As statistical, the differences among the yoghurt samples and storage days were found to be significant at the level of P<0.01. According to the Duncan test to determine the level of difference among the yoghurt samples, only 4% and 6% honey added yoghurt samples were similar to each other. According to the Duncan test to determine the level of the differences among the storage days, all the samples were found to be different from each other.
On Çelik et al. 's works (Çelik et al., 2009 ), serum separation values of set type yoghurt samples with juniper molasses decreased until the 14th day of storage, increased in the following days. On this study, the rate of serum separation increased with increasing honey ratio after the 14th day of storage. On the study conducted by Machado et al. (2017) , serum separation in goat's yoghurt with 5% stingless bee honey was less than in the yogurt without honey as in this study. On their study, serum separation rates are higher than in this study. This may be due to differences in fermentation conditions, milk source, honey and microorganisms used. Microbial activity in yogurt continues during storage. The acidity increases with proteins and lactose degradation. The water holding capacity of proteins increases with increasing acidity. Thus, serum separation is reduce and yogurt stability increase (Tosun, 2007; Çelik et al., 2009) . Besides, decrease of serum seperation may be associated with high osmolarity of honey as an ingredient in the prepared yogurt, which would attract water to the yogurt-forming casein micelles, reducing the water release to the surroundings (Machado et al., 2017) . The honey is a high viscosity fluid, but when maintained under refrigeration temperature it behaves like a pseud-plastic fluid, offering better resistance to yoğurt (Pereira, 2003; Machado et al., 2017) .
Dn the 1st day of storage, the lowest water holding capacity value was 2.24 g/5 g in the control sample while the highest water holding capacity value was 2.69 g/5g in 4% honey added yoghurt sample. The water holding capacity decreased in all samples during storage. At the 21th day of storage, the water holding capacity was lower when compared to the first day of storage for all yogurt formulations, and water holding capacity was lower in the yogurt without added honey. The differences among the yoghurt samples and storage days were found to be significant at the level of P<0.01. According to the Duncan test to determine the level of difference among the variables, all yoghurt samples were different from each other. On a study in which set type yoghurt samples with sunflower honey were investigated, water holding capacity decreased during storage in control sample. On yoghurt samples with sunflower honey, water holding capacity increased during storage. The values increased with increasing honey ratio (Sert et al., 2011) . Ot was thought that the difference between these two studies can be caused by differences of microorganism content in starter cultures, the production method and compound of milk and honey was used in yoghurt production.
The color values determined on the 7th day of storage of the yoghurt samples were shown in Table 3 . The highest brightnes value was determined in the sample with 2% honey. The brightness decreased with honey ratio increase. The a* and b* values of all samples with honey were higher than control sample. On terms of L* and b* values, the difference among yoghurt samples was statistically significant (P<0.01). On terms of L* values, according to the Duncan test to determine the level of difference among the yoghurt samples, control sample, 2% honey addition sample and 6% honey addition sample are different from each other. The 4% honey addition sample is similar to the other honey addition samples. On terms of b* values, all yoghurt samples were different from each. The difference among a* values was insignificant (P>0.01). On Sert's works (Sert et al., 2011) , on the 7th day of storage, L* values decreased with the increase of honey ratio as in this work. Color plays an important role in predicting the quality of the product before consumer tastes the product (Sert et al., 2011) . On the study of Machado et al. (2017) , the a* and b* values increased with the increase in the rate of added honey in 7 days of storage as in this study.
The microbiological properties of the yoghurt samples during the storage were shown in Table 4 . Lb. delbrueckii ssp. bulgaricus counts from the beginning to the end of storage were lower than control samples in yoghurt with honey samples. Lb. delbrueckii ssp. bulgaricus counts decreased control sample and 6% honey added yoghurt sample during storage while decreased 2 and 4% honey added yoghurt sample until the 7th day and later increased. On terms of yoghurt types and storage days, differences among samples were significant (P<0.01). According to the Duncan test to determine the level of difference among the yoghurt samples, only 2% and 4% honey added yoghurt samples were similar to each other. According to the Duncan Roumyan et al. (1996) investigated the effect of acacia honey and polyfloral honey on the vitality of yoghurt starter cultures. Honeys showed significant inhibitory effect on Lb. bulgaricus. Similar results were found in this study. On study conducted by Saccaro et al. (2009) , in yoghurt sample added Lb. acidophilus ve B. animalis ssp. lactis with yoghurt starters, Lb. delbrueckii ssp. bulgaricus count decreased from 7.25 log 10 cfu/ml to 6.15 log 10 cfu/ml during 21 days storage at 4 °C.
S. thermophilus counts of yoghurt samples did not change much during storage and from the beginning they were higher than control samples in yoghurt with honey samples. The effect of adding honey and storage to S. thermophilus counts had been found to be insignificant as statistical. On Sert's study (Sert et al., 2011) , viability rate (%) of S. thermophilus increased in 2% and 4% honey added yoghurt samples on the 21st and 28th days of storage. At a research conducted by Varga (2006) , the addition of acacia honey (1% and 5%) to yoghurt milks did not significantly affect the growth and survival of Streptococci during the production and storage of yoghurt (P> 0.05). S. thermophilus was detected in high numbers at the beginning of storage and at the end of storage for 6 weeks. Counts of Streptococci were between 8.28 and 8.81 log cfu/mL during storage. The results of this study are similar to those of Varga & Sert et al. Saccaro et al. (2009) observed that the S thermophilus count decreased from 8.92 log 10 cfu/ml to 8.82 log 10 cfu/mL by not showing any significant change during 21 days of storage. Ot has been determined that S. thermophilus can better tolerate sugar than Lb. bulgaricus (Üçüncü, 2005) . S. thermophilus prepares anaerobic conditions due to its oxygen consumption and promotes the growth of bacteria that can develop under these conditions (Özer, 2006) .
During the storage period, the number of Lb. acidophilus was lower in yoghurt samples with honey compared to the control sample. Nevertheless, the numbers of probiotic bacteria in all yogurt samples were suitable for human consumption throughout storage period. The effect of adding honey and storage to Lb. acidophilus counts had been found to be significant (P<0.01). According to the Duncan test to determine the level of difference among the yoghurt samples, all honey added yoghurt samples were similar to each other and different from the control sample. According to the Duncan test to determine the level of difference among the storage days, all yoghurt samples other than 6% honey yogurt samples were different from each other, but the 6% honey addition sample was similar to other honey added samples.
On study of Saccaro et al. (2009) , while Lb. acidophilus count was 7.17 log 10 cfu/mL, at 1 st day of storage, it decreased to 5.26 log 10 cfu/ml at the 14th day of storage, that number has fallen below 5 log 10 cfu/mL at 21st day of storage. The viability of probiotic bacteria in fermented milk is decreased due to the damage caused by the acid formed (Shah, 2000) . Of the acid content of the medium is slightly increased as a result of honey addition, low acid tolerance probiotic bacteria are adversely affected (Ammar El-Tahra et al., 2015) . At the end of incubation, acidity should be above pH 4.6 and rapid cooling should be performed to prevent acidity (Özer, 2010) . Hydrogen peroxide produced by Lb. delbrueckii ssp. bulgaricus was responsible for the loss in viability of Lb. acidophilus when added in yogurt (Kailasapathy & Rybka, 1997) . The viability of microorganisms also depends on nutrients, growth and inhibition factors in the medium, the fermentation period, storage temperature (Dave & Shah, 1996; Shah et al., 2000) . Starter culture and probiotic bacteria can produce exopolysaccharide. High exopolysaccharides may provide a better texture for yogurt (Han et al., 2016) . Ot is known that microbial exopolysaccharides may improve body and texture of fermented products as they serve as emulsifying (Aryana et al., 2007; Fazilah et al., 2018) .
Sensory analysis of yoghurt samples was performed by 11 people on the 7th day of storage. The characteristics of yoghurt were evaluated with scores between 1 and 5. The sensory scores were obtained by applying appearance, consistency on spoon, consistency in mouth, odor and taste tests were shown Figure 1 . 2% honey added sample was most favored in terms of odor and consistency on spoon, while 4% honey added sample was most liked for taste. On terms of appearance and consistency in mouth, 2% and 4% honey addition samples were equally appreciated. The most popular samples were yoghurt samples with honey 2%, 4% and 6%, respectively. Control sample falled behind these samples.
On general, it has been observed high counts of viable strains as Lb. acidophilus and B. longum cause slight changes in some physicochemical, and sensory parameters of yogurts along the refrigerated storage (Cruz et al., 2013) .
Sensory analysis had been carried out by adults. Adults may be tempted to choose less sweet instead of sweetness. Yoghurts with 4% and 6% honey may be more appreciated by children. Because they felt very sugared, the panelists stated that they did not like 6% honey yogurt. Fruit yogurt is a sweeter yogurt type than plain yogurt. According to the results of a study conducted in Drdu Province of Turkey. 30.7% of all participants over 15 years old (most of the participants are aged 36-49) love fruit yogurt. 69.3% of them do not like fruit yoğurt (Tarakçı et al., 2015) . On another study, sweet preferences and sugar consumption of 4-5 year-old children researched. On this study, sweetened yogurt is included in the favorite food group of children. Families who say" Children just like sweet foods, and there is nothing you can do about it" are in majority (Liem et al., 2004) . Demir et al. (2018) investigated the consumption of milk and products in children aged 10-15 years. On that study, most of the children (46.2%) stated that they did not like milk because of their taste. 57.3% of children consume milk as sweetened with sugar or aroma. Children who rarely consume plain yogurt prefer fruit yogurt compared to plain yogurt while children who consume yogurt daily prefer plain yogurt rather than fruit yoghurt. Therefore, one way of loving yogurt is to add sweetener to it. For this purpose, the use of honey is one of the healthiest ways. On the analysis of variance performed, the difference among the yoghurt samples was found to be significant at the level of P<0.01 only in terms of consistency on spoon. According to the Duncan test to determine the level of difference among the yoghurt samples, control sample and 2% honey addition sample are different from each other. But, 4% honey addition sample and %6 honey addition sample are similar to those samples. Differences in terms of other criteries were insignificant. Varga (2006) recommended enrichment by honey of yoghurt as sensory properties. On his study, 1% honey added yoghurt samle was weak in flavor. Dn the contrary, the flavor of yogurt sample with 5% honey was very strong and yoghurt was very sweet. The honey added at the concentration of 3.0% improves the sensory properties of the yogurt without the inhibitor effect on the starter bacteria. On this study, the taste, consistency on mouth and appearance of yoghurt improved with the increase of the honey content added (0%, 2%, 4%) in the yoghurt on the 7th day of storage while the odor score of yoghurt increased to 2% honey ratio, and decreased at higher honey rates.
On study conducted by Sert et al. (2011) , the taste intensity, consistency and appearance of set-type yoghurt improved with the increase of the honey content added (0%, 2%, 4% and 6%) in the yoghurt on the 7th day of storage while the odor score of yoghurt reduced. Two studies are similar except 6% honey added yoghurt. Ammar El-Tahra et al. (2015) determined that bio-yoghurt samples with 4%, %6 and %2 honey respectively have the highest scores in terms of overall acceptability on the 7th day of storage. On Metry & Dways's study (Metry Wedad & Dways, 2009 ) oweral acceptability of classic yoghurts containing 2%, 4% 6% and 9% honey was determined. Yoghurt containing 6% honey have the highest score. Yoghurt samples containing 4%, 2% and 9% honey followed its. Very high honey ratio gave a negative result.
For more effective sensory analysis, different sensory testing techniques are available. The sensory test (appearance, aroma, taste, texture, and overall impression) can be performed using a 9-point hybrid hedonic scale (1 = extremely unloved and 9 = highly loved) (Belsito et al., 2017; Dantas et al., 2016) . Ot should be used advanced testing techniques such as quantitative descriptive analysis (QDA) to determine the formulations of products sensitively optimized and with high-potential success in consumer marketing. Sensory tests should be carried out by a large number of panelists, and panellists should be trained (Janiaski et al., 2016) . On order to achieve successful formulations, it can be conducted CATA (Check-all-that-apply) surveys allow to focus on consumers, more representative of the market as well as tests conducted by trained panelist (Torres et al., 2017; Dliveira et al., 2017) . Techniques using direct analysis of the terms generated by consumers are considered easy to perform, without specific training requirements, thus improving knowledge about consumer perceptions on various products. Ot can be used the "comment analysis" and "pivot profile" methods, based on consumers' perceptions (Fonseca et al., 2016) .
Conclusion
Yoghurt is a food that plays an important role from the perspective of health. Probiotic yoghurt is a functional product that has positive effects on the digestive system. According to the results of this research, adding pine honey has significantly affected physicochemical, microbiological and sensory properties of yoghurt. Structural properties of yoghurt improved with the increase of honey. The numbers of Lb. delbrueckii ssp. bulgaricus and Lb. acidophilus were less, the number of S. thermophilus was more in pine honey added yoghurt samples than the control sample, from the 1st to the 21st day of storage. The numbers of Lb. delbrueckii ssp. bulgaricus and Lb. acidophilus was above the recommended minimum number (≥ 10 6 cfu/g). Although yoghurt with 2% pine honey added had the same points as the yoghurt with 4% pine honey in terms of some sensory properties, it was the most liked yoghurt. Probiotic yogurt consumption is very important for public health. The consumption of probiotic yogurt in childhood will contribute to the growth of more healthy generations. Probiotic yoghurt with pine honey may be a good alternative as a functional product. When the consumer group is target77ed as children, the honey ratio can be increased.
